Introduction

19
Recently, a novel original mechanism of Zn and Cd detoxification was described in tobacco 20 (Nicotiana tabacum L. cv. Xanthi). Tobacco exposed to Cd excreted Cd,Ca-containing grains 21 through leaf trichomes (1, 2) , and a similar excretion of Zn,Ca-containing grains was observed 22 under Zn exposure (3) . Trichomes are specialized epidermal structures. In tobacco, they are 23 glandular and excrete various organic substances including nicotine and resins. Such 24 detoxification process may have implication in human health since smoking is one of the 25 principal routes of exposure to heavy metals, and also in phytoremediation as tobacco is a 26 candidate species for phytoextraction. 27 The morphology, elemental composition, mineralogy as well as Zn and Cd speciation in the 28 grains were investigated by scanning electron microscopy coupled with energy dispersive X-ray 29 analysis (SEM-EDX), micro-X-ray fluorescence (µXRF), micro-X-ray diffraction (µXRD), Zn 30 K-edge micro extended X-ray absorption fine structure (µEXAFS) (3) and Cd L III edge micro X-31 ray absorption near edge structure (µXANES) spectroscopy (Isaure et al., in prep.). Calcium was 32 always the major component. µXRD analyses revealed the presence of calcite, and less 33 frequently vaterite and aragonite, two other CaCO 3 polymorphs. Calcium oxalate mono and 34 dihydrate were found occasionally. Calcite and vaterite were substituted by cations, probably Zn, 35 Cd and possibly Mn and Mg. Zn µEXAFS confirmed the occurrence of Zn-substituted calcite, 36 and evidenced Zn associations with other phases including organic compounds, silica and 37 phosphate (3) . Cd µXANES showed that cadmium was a Ca substituent in calcite and vaterite 38 and/or sorbed on the surface of these minerals (Isaure et al., in prep.). 39 The mechanism of formation of these grains remains unclear. Biogenic minerals may result from 40 a controlled biomineralization process leading to well defined minerals and shapes. They may 41 also be "biologically induced", which means that an organism promotes the precipitation, but 
Experimental
52
Materials
53
Plant culture and grain collection procedure have been described previously (3) . Briefly, tobacco 54 plants were grown in hydroponic conditions and exposed for 5 weeks to Zn or Cd, with or 55 without a supplement of Ca (Table 1) . A control condition with Ca only was also tested. Then, 56 grains were collected by washing the leaves in ultrapure water and centrifugating the suspension.
57
Several Ca-containing reference compounds were used for the Ca XANES data analysis. 58 Calcite, vaterite and Cd-containing vaterite were synthesized at room temperature according to a 59 modified protocol of Paquette and Reeder (6, 7) . Briefly, an aqueous solution (500 m L) 60 containing 10 mM CaCl 2 and 1.8 M NH 4 Cl was placed in a glass reactor, an EPPENDORF tube 61 containing solid ammonium carbonate was allowed to float at the surface of the solution, and the 62 reactor was closed and kept unstirred. NH 4 region for the C a treatment. µXRF data were collected at 10 keV with a beam size of 5 ´ 5 µm .
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The same X-ray spot size was used for Ca µXANES. Fluorescence X-ray yield was measured 97 with a 7-element Ge solid -state detector. The spectra were recorded between 3900 to 4400 eV. 
XRD and XANES data treatment
104
The XRD data treatment was performed as described previously (3). Briefly, after calibration with 105 alumina, two dimensional XRD patterns were integrated to one-dimensional patterns for peak 106 assignment. For substituted calcite crystals, the unit cell parameters a and c were refined, and the 107 stoichiometry of the substituent was estimated from these two parameters using the Vegard law 
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XANES spectra were processed using WinXAS (11 Equation (1) can be solved as: 
Results
139
The morphology of the grains as observed by SEM varied considerably. The grains varied from (Fig. 1 ) . The high Si peaks observed in Fig. 1a to 1d are attributed to kapton 147 tape on which the grains were mounted. Silicon is not detected in the grain presented in Fig. 1e 148 (mounted on carbon tape). However, Si was found in small amount in some grains (not presented 149 in this study), as well as Mn.
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Our previous study using µXRD (3) showed that grain ZnCa3 contained substituted calcite and that the grains are composed of micrometer-size mosaic crystals (Fig. 2b) . All reflections 155 correspond to substituted calcite, and the major Ca substituent is Zn based on µXRF (Fig. 2a) .
156
Note that although Ca is the major element, the Ca Ka peak has a low intensity relative to the Zn (Table 2 and Fig. 1 Therefore, this pool is referred to as "organic Ca and/or ACC" in Table 3 . Vaterite was found in (Table 3 ). The percentages were rounded to the nearest ten for clarity. Except for two grains,
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ZnCa3 and CdCa2, the same crystalline species were identified by µXRD and Ca µXANES. The Ca µXANES analysis showed that strong over-absorption effects may take place and 244 decrease dramatically the amplitude of the spectra. We show that this effect is far from negligible 245 when identifying and quantifying Ca species. For instance, for grain ZnCa3, the uncorrected 246 spectrum was fitted by 68% vaterite + 25% aragonite, and the corrected spectrum was fitted with 247 100% aragonite. Note that the LCF without over-absorption correction was relatively bad, which 248 alerted us on the possibility of an over-absorption effect.
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In the environment, ACC is thermodynamically unstable and rapidly transforms into vaterite and 250 then calcite (17) . However, it is found as a stable compound in plants (e.g., cystoliths) and 251 animals (e.g., cuticle of crustaceans, spicules of ascidiae, granules in molluscs) (18) . ACC is 252 13 probably stabilized by proteins, magnesium and phosphorus in these organisms (18) . In our case,
253
Mg and P were found in the grains.
254
Biologically controlled biomineralization leads to well defined mineral species and shapes. 
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